INTRODUCTION {#cesec10}
============

Pain in the lumbar region or lumbalgia, as it is called, has been considered to be a frequent cause of morbidity and incapacity in the general population. However, its cause is not always specific[@bib1]. Independent of the causes, lumbar pain reaches epidemic levels, affecting 70 to 85% of all individuals at least once during their lives[@bib2].

Very many circumstances contribute towards triggering lumbar pain, and some authors have considered it to be a multifactorial disease[@bib3], [@bib4]. The etiology of lumbar pain is difficult to identify because it is manifested under a variety of conditions. Among other causes, this pain has presented associations with factors such as: female sex[@bib1], [@bib3], [@bib5], [@bib6], obesity[@bib1], [@bib6], sedentarism[@bib6], high levels of physical activity[@bib1], [@bib3], [@bib5], [@bib7], reduced flexibility[@bib4] and postural habits[@bib6], [@bib8], [@bib9].

Even though some studies have proven an association between postural deviations and lumbar pain[@bib10], [@bib11], there is no consensus in the literature regarding this relationship[@bib1]. However, changes in postural patterns have been indicated as a risk factor for developing pain in the lumbar region[@bib9], since abnormal posture causes tension in the ligaments and muscles, which indirectly affects the lumbar curvature, thus triggering pain.

The prevalence of lumbar pain during adolescence has been increasing considerably over recent decades[@bib12], and this problem becomes even more significant when it is perpetuated into adulthood[@bib2]. In this respect, the review study by Balagué *et al*[@bib1] on lumbar pain among adolescents indicated high prevalences, ranging from 30 to 51%.

Notwithstanding such problems, the number of cases of postural abnormalities of the spine during adolescence have been increasing considerably, because this is an age at which individuals are exposed to greater overloads, such as bearing the weight of school backpacks asymmetrically and inadequately[@bib13] or remaining in a seated position and adopting inappropriate postures for long periods of time[@bib14].

Thus, with the aim of contributing towards the literature in this field and, in particular, to be able to implement subsequent interventions, this study was devised with the objective of analyzing the prevalence of sagittal postural abnormalities in the lumbar spine and associated factors, among adolescent students in the federal educational system in Florianópolis.

METHODS {#cesec20}
=======

A descriptive cross-sectional study was conducted among adolescents between the ages of 15 and 18 years who were attending high school within the federal educational system in Florianópolis, SC. The population was estimated to be 850 students within this age range, enrolled in two schools.

To calculate the sample representativeness, the equation proposed by Rodrigues[@bib15] was used. This establishes the sample size for quantitative variables, taking a sample error of 5% and a 95% confidence interval. In this manner, the number of individuals for the sample was calculated to be 265 adolescents. Since the schools were located in the same geographical region, there was no need to stratify according to locality. However, the sample was stratified according to gender, and a simple random draw was made within the strata.

The following were used as exclusion criteria: refusal of the student to participate in the study; failure to hand in the free and informed consent statement signed by the parents or guardians; age outside of the range specified for the study; failure to undergo any of the tests required for the analyses; and/or presentation of physical deficiencies that made it impossible to perform any of the procedures required for attaining the study objectives. Thus, a sample consisting of 288 students was formed, of whom 156 were male and 132 were female, with mean ages of 16 ± 1.06 years and 15.87 ± 1.05 years, respectively.

All the protocols and procedures used in the study had been approved by the Ethics Committee for Research on Human Beings of the Federal University of Santa Catarina, under protocol no. 048/07, which was in line with resolution 196/96 of the National Health Board.

Data relating to postural assessments on the lumbar spine were obtained in accordance with the procedures described by Christie et al[@bib10], who demonstrated that there was a high correlation with radiographic data, with a significance level of 0.01. The lumbar lordosis angle was quantified in an upright standing position, in the right sagittal plane, in which the spinous processes of the vertebrae T12 (twelfth thoracic vertebra) and L5 (fifth lumbar vertebra) were identified and marked out on the skin by means of palpation. To these points, rods of 7 cm in length, negligible weight (3.4 grams), slightly concave rounded base and radius of 1 cm were attached, to enable fixation onto the transverse processes using adhesive tape. These rods made it possible to project the anatomical points in the sagittal plane, so as to avoid difficulty in viewing the markers caused by muscle protuberances. The lumbar lordosis angle was defined by the intersection of the prolongation of the rods positioned over the spinous processes of the T12 and L5 vertebra.

To analyze the sagittal deviation of the lumbar spine, photographic images from a digital camera with resolution of 3.0 megapixels were used. These images could then be digitized using graphics software to enable identification of the angle generated by the intersection of the points. To take the photographs, a fixed point suspended on a standardized plumb line was firstly calibrated. The camera was positioned on a tripod at a height of 1.20 meters above floor level and three meters from the subjects. The postural alignment of the lumbar spine was classified as normal when the values were 30 to 45°, or as a diminished lumbar angle (rectification) or as an accentuated lumbar angle (hyperlordosis), through analyzing angular values generated.

Information relating to lumbar pain was obtained by means of a structured questionnaire composed of one closed and two open questions asking about the incidence and frequency of pain in the lumbar spine and the activities that generated this pain. The clarity of the questions was tested on 10 subjects with the same characteristics as the study sample, from which a rate of 96% was obtained. The content validity was tested on five specialists, obtaining a rate of 93%.

To process the data, the Statistical Package for the Social Sciences (SPSS) software for Windows, version 15.0, as used. Firstly, descriptive statistics were produced from the data, which were organized into tables showing the distribution of frequencies, percentages and measurements of central trend (means) and dispersion (standard deviations). The variables were cross-correlated by means of contingency tables (crosstabs) in order to investigate the proportion of the adolescents affected by postural deviations and lumbar pain.

Differences between the sexes were investigated using Student\'s t test (lumbar angle) and the chi-square test (χ2) (lumbar pain). Poisson\'s regression was used to investigate crude and adjusted prevalence ratios for postural deviations in relation to sex and lumbar pain. Significance values for the crude model were obtained using the chi-square test, since according to Hosmer and Lemeshow[@bib16], for variables to be kept in the adjusted model, they would need to present p \< 0.25 in this test. The significance values of the adjusted analysis were as furnished by the Poisson test.

RESULTS {#cesec30}
=======

From the students\' responses, the prevalence of lumbar pain in the general group was 49.6% (n = 171). A higher proportion of the females presented lumbar pain, which affected 53% of them, while the prevalence among the males was 46.2%.

Regarding the frequency of lumbar pain, as shown in [Table 1](#tbl1){ref-type="table"}, 43.1% of the adolescents reported suffering from painful conditions at least once a week.

[Table 1](#tbl1){ref-type="table"} also shows that the females presented more than twice as many cases of daily pain in the lumbar spine, in comparison with the numbers of cases among the males. The main responses relating to the reasons why painful conditions in the lumbar spine had appeared, in the opinions of the students evaluated, are presented in [Table 2](#tbl2){ref-type="table"}.

[Table 2](#tbl2){ref-type="table"} shows that both the males and the females indicated that the main causes of pain in the lumbar spine were situations of remaining seated for long periods and sports practice or vigorous activities.

Regarding the lumbar angles generated from the postural assessment, the data in [Table 3](#tbl3){ref-type="table"} indicate that the females presented greater angular values for lumbar curvature than shown by the males, although these were considered normal according to the classification used. On the other hand, the mean for the males (26°) was classified as a reduced angle (rectification).

The postural analysis made it possible to identify that the overall prevalence of deviation of the lumbar spine was 53.8% (n = 155), which consisted of 90.9% (n = 141) with rectification of the lumbar spine and 9.1%

(n = 14) with hyperlordosis. The postural patterns according to sex ([Figure 1](#fig1){ref-type="fig"}) indicated that the males presented higher percentages of postural abnormalities (64.7%), and that 62.8% of the subjects presented a rectified lumbar spine.

From analysis on [Figure 1](#fig1){ref-type="fig"}, it was observed that the females presented a greater percentage of normal angles, such that the prevalence of deviations was 40,9%, and only 8.3% of the female subjects presented accentuated lumbar curvature (hyperlordosis).

The cross-correlation (crosstabs) on the classification data relating to postural deviation with lumbalgia indicated that pain was more associated with cases of hyperlordosis ([Table 4](#tbl4){ref-type="table"}).

The data presented in the contingency table ([Table 4](#tbl4){ref-type="table"}) show that painful conditions were more associated with angular deviations in the sagittal plane among the females (55.8% of the cases of rectification and 72.7% of the cases of hyperlordosis). It could also be seen that, in general, rectification of the lumbar angle had a lower percentage association with lumbar pain than did the other situations in which the spine was exposed.

Since the behavior of the variables of pain and lumbar angle differed between the genders, the differences between them were tested. The lumbar angle was shown to be significantly different between the sexes (p \< 0.001), while the variable of pain did not present any significant difference (p = 0.330).

With the aim of analyzing the associations shown by postural deviations in the lumbar spine, while controlling for possible confounding factors, Poisson regression was used because the outcome under analysis (presence of deviation) presented high prevalence, which might have caused overestimation of the magnitude of the effect measurement, i.e. odds ratios[@bib17]. Crude and adjusted prevalence rations (PR) were calculated along with their respective 95% confidence intervals. The dependent variable for this analysis was dichotomized as no deviation (normal) and deviation present ([Table 5](#tbl5){ref-type="table"}).

The data in [Table 5](#tbl5){ref-type="table"} show that in the crude analysis, the females presented a prevalence ratio that was 37% lower for lumbar column deviation. However, the prevalence ratios for lumbar pain were not significant (p = 0.418), and were excluded from the model.

DISCUSSION {#cesec40}
==========

There is a consensus in the literature regarding the high prevalence of lumbar pain among adolescents[@bib2], [@bib12], [@bib18], [@bib19]. The review study by Balagué et al[@bib1] showed prevalences ranging from 30 to 51%, which is in line with the results from the present study ([Figure 1](#fig1){ref-type="fig"}), thus indicating that lumbalgia affected almost half of these adolescents. Also according to this author[@bib1], lumbalgia is more frequent among females, and this result was confirmed by the findings from the present study and is line with some others[@bib2], [@bib5], [@bib6] that showed this relationship.

The frequency of lumbalgia is an important point to emphasize, since more than half of the adolescents with this problem said that they felt pain in the lumbar spine at least once a week ([Table 1](#tbl1){ref-type="table"}). This proportion is greater than what was found by Alpalhão and Roballo[@bib20] in a study on 124 adolescents, which was 32.6%. Considering that on average 21% of the adolescents in the present study had painful conditions every day, it can be seen that early diagnosis of the factors involved in this problem is very important, since this pain may diminish these individuals\' quality of life.

In the reports on pain, the main activities that were indicated to be harmful were remaining seated for long periods and practicing sports or vigorous activities ([Table 2](#tbl2){ref-type="table"}), which confirms the findings in the literature, in which these factors have been shown to cause lumbalgia among adolescents[@bib1], [@bib2], [@bib5].

The prevalence of sagittal postural deviations in the lumbar spine was high, affecting 53.8% of the subjects. In this regard, Detsch *et al*[@bib21] analyzed the sagittal plane among female adolescents and found prevalences that were even higher than in the present study, corresponding to 66% of the subjects.

The difference in angular values of the lumbar spine between the sexes was significant (p \< 0.05), with lower values among the males (26°), thus corroborating the study by Damasceno *et al*[@bib22], in which significant differences were found in the lumbar angles and other components of the spine, between the sexes. According to this author[@bib22], the differences seemed to be related to differences in the measurements of components of the lumbar curvature.

Among other factors, these differences also may be related to the different structural constitution of the male and female skeletons, in which the male pelvic bone is narrower and the sacrum and ilia have a more vertical position, which diminishes the lumbar angle in relation to females[@bib23].

Rectification was the lumbar spine deviation most often found ([Figure 1](#fig1){ref-type="fig"}), which goes against several studies on children and adolescents[@bib14], [@bib15], [@bib18], [@bib21], [@bib24], [@bib25], [@bib26]. In these studies, analysis on the lumbar spine in the sagittal plane showed high prevalences of hyperlordosis, which was not identified in the present study. These differences may be related to the different methods used and the specificity of these methods, since certain evaluation protocols do not allow assessment of decreases in spinal curvature but only increases in curvature. Moreover, a lack of consensus regarding the lumbar angle values that should be considered normal has been observed, thus generating controversy regarding the limits that are considered normal in the sagittal plane[@bib27]. This makes it difficult to compare between studies because of the different methodologies and cutoff points used.

Another factor that should be taken into consideration is the gluteal volume. In some cases, this may be visually confounded with increased lumbar curvature, and even more so when the lumbar evaluation is done using subjective instruments.

Few studies have presented percentage prevalences of rectification among the general population. Within this context, in a study conducted among Spanish adolescents, Blanco *et al*[@bib19] found prevalences of rectification that were much lower (7%) than what we found among adolescents in Florianópolis (47.7%). Likewise, in a study on children in the city of João Pessoa, State of Paraíba, Correia *et al*[@bib28] found that the prevalence of rectification was 6.8%. However, Giglio and Volpon[@bib26] stated that the curvature of the spine increased significantly with age, and that this did not allow data from children and adolescents to be compared with each other.

In relation to the prevalence of hyperlordosis, the data from the present study were lower than those of all other studies encountered. The results that were closest to the present study were those of Blanco *et al*[@bib19], with a percentage of 14% for this deviation, and Politano[@bib14], among adolescents in Cacoal, State of Rondônia, with a prevalence of 10.1%. Among adolescents in a city in Santa Catarina, Martelli and Traebert[@bib25] found that the prevalence of hyperlordosis was around twice (20.1%) the prevalence identified in the present study. In a study conducted in the city of Sobral, State of Ceará, Mangueira[@bib29] found that the percentage of hyperlordosis among adolescents was 17.5%.

By testing the relationships between the variables, it could be seen that the prevalence ratio for deviations was greater among the males, which may be associated with structural differences in physical composition. The high prevalence of rectification in adolescents\' spines may have been associated with harmful factors to which they might have been exposed.

Considering that the subjects of the present study were of school age, certain factors relating to day-to-day postural habits may have had an influence on the appearance of deviations. Thus, the rectification of the lumbar spine may have been associated with, among other causes, the resting position adopted by the students while seated. In such situations, the resting posture is often a relaxed posture in which the body is supported on the chair through the ischial tuberosity and posterior face of the sacrum and coccyx, thereby leaving the pelvis in retroversion and the lumbar spine rectified[@bib23]. This may lead to development of muscle shortening, compensatory mechanisms and lumbalgia, in situations of long-term exposure[@bib30]. The importance of habits in the seated posture needs to be emphasized, given that 25.5% of the adolescents evaluated declared that they felt pain when they remained in this position for a long time ([Table 2](#tbl2){ref-type="table"}).

In view of the use of seated postures for long period of time, Braccialli and Vilarta[@bib31] can be cited: these authors explained that both the deviations and the painful conditions occur because neither the body\'s constitution nor the functional biomechanical model was designed for remaining seated for long periods, and that this incompatibility leads to high prevalences of postural problems. In addition, the school environment favors the appearance of lumbar problems, since the ergonomics of the furniture is often inadequate, with deficiencies in layout and proportions; and the weight of school materials carried in backpacks is excessive and transported in an erroneous manner, thereby aggravating inappropriate postural habits[@bib31].

The use of incorrect postures makes the entire locomotor system participate in and adapt to the imposed new mechanical conditions[@bib30], and thus, among other factors, greater energy expenditure is developed to maintain body balance and carry out daily activities. This predisposes individuals to early fatigue, which may have direct repercussions on painful states and quality of life among these individuals.

The results obtained from this study not only contribute towards the literature in this field, but also indicate the need for screening for postural problems among schoolchildren, which might identify these problems at an early stage, along with the daily postural habits that result in establishing permanent problems in the lumbar spine of adolescents.

CONCLUSIONS {#cesec50}
===========

Based on these results, it can be concluded that: a) the prevalence of pain and postural deviations in the lumbar spine of these adolescents was high; b) rectification of the lumbar spine was the postural deviation most often present, with greater prevalence among male adolescents; c) there was a significant difference in the lumbar angle between the sexes, such that it was greater among females; d) lumbalgia was more prevalent among females; e) independent of sex, lumbalgia affected a large proportion of these adolescents at least once a week; f) the main causes of lumbar pain were sports practice or vigorous activities and remaining seated for long periods of time; g) the prevalence ratios indicated that decreased lumbar angle was associated with male sex; and h) lumbar pain did not present any association with sagittal deviation in the lumbar spine.
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![Distribution of postural patterns for the lumbar spine among the adolescents, according to sex.](gr1){#fig1}

###### 

Frequency of lumbar pain among adolescents within the federal educational system in Florianópolis.

  Frequency      Male   Female   General
  -------------- ------ -------- ---------
  Every day      13.2   29       21.2
  Once a week    42.7   43.5     43.1
  Once a month   30.9   24.6     27.7
  Rarely         13.2   2.9      8
  Total          100    100      100

###### 

Distribution of the frequencies of activities that generated lumbar pain among adolescents within the federal educational system in Florianópolis.

  Activities                                 Male   Female   General
  ------------------------------------------ ------ -------- ---------
  Domestic activities                        5      15       10
  Carrying weights                           19     12       15.5
  Carrying backpack                          10     13       11.5
  Remaining seated for long periods          26     25       25.5
  Practicing sports or vigorous activities   26     20       23
  Flexing the trunk                          9      9        9
  Extending the trunk                        5      6        5.5
  Total                                      100    100      100

###### 

Descriptive values for the lumbar angle among adolescents within the federal educational system in Florianópolis.

  Group     Lumbar angle (°)   
  --------- ------------------ ------
  Male      26                 9.09
  Female    34                 8.62
  General   30                 9.60

###### 

Cross-correlation of percentage values (crosstabs) from postural evaluation with lumbar pain among adolescents within the federal educational system in Florianópolis.

                  Lumbar pain                               
  --------------- ------------- ------ ------ ------ ------ ------
  Normal          54.5          45.5   48.7   51.3   51.1   48.9
  Rectified       41.8          58.2   55.8   44.2   46.1   53.9
  Hyperlordosis   33.3          66.7   72.7   27.3   64.3   35.7

###### 

Prevalences and crude and adjusted prevalence ratios (PR) for postural deviation in the lumbar column according to sex and pain, among adolescents within the federal educational system in Florianópolis.

  Variables            Prevalences   Crude PR (95% CI)   p-value[\*](#tbl5fn1){ref-type="table-fn"}   Adjusted PR (95% CI)      p-value[\*\*](#tbl5fn2){ref-type="table-fn"}
  -------------------- ------------- ------------------- -------------------------------------------- ------------------------- ----------------------------------------------
  Postural deviation   53.8          \-                  \-                                           \-                        \-
  Sex                                                                                                                           
  Female               45.8          0.63 (0.53-0.74)                                                 0.69 (0.58-0.83)          
                                                         \< 0.001                                                               \< 0.001
  Male                 54.2          1                                                                1                         
  Pain                                                                                                                          
  Yes                  49.3          0.93 (0.80-1.09)                                                                           
                                                         0.418                                        Excluded from the model   
  No                   50.7          1                                                                (crude p \> 0.25)         

unadjusted p value (p from chi-square test)

p value for adjusted trend.
